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Introduction
While limnological data is commonly available for saline lakes, information regarding the salinity tolerance of fish in them can be difficult to obtain. Most studies of saline lakes have concerned invertebrates, algae, or ionic composition. Occurrence of fish in highly saline lakes is not common, and may explain the paucity of studies; however the Salton Sea, in California, USA, is a saline lake containing a substantial fishery.
This review will focus mainly on the Salton Sea and the salinity tolerance of the fish species that inhabit it. While examining the current published values for salinity tolerance in species that comprise the recreational fishery of the Salton Sea, the mechanisms by which they tolerate elevated salinity will be discussed. In addition, we will be presenting new experimental data, which in combination with previous studies, will be used to augment the discussion.
The Salton Sea and its fish
In North America, saline lakes occur in different forms throughout the western part of the continent. Many of these lakes are located in desert rain shadows of the Great Basin, Mojave, Sonoran, or Chihuahuan deserts. The Salton Sea is a 980 km 2 saline lake that formed in 1905-06 when the Colorado River flooded the Imperial and Coachella Valleys of southeastern California. The Salton Sea is a permanent saline lake in a very arid region. As a result of saline-rich inflow coupled with high evaporation, the salinity of the Salton Sea has been steadily increasing since its formation, and is currently approaching 44 g/l. Without remediation, salinity is estimated to rise approximately 0.3 g/l per year due to evaporation, dissolution of alkaline mineral deposits, and decreasing volume due to decreased inputs of agricultural drainage water. Within the Salton Sea, there are dramatic seasonal changes in dissolved oxygen (0-20 mg/l), temperature (13 to 35 °C) and hydrogen sulfide (HS -; up to 5 mg/l) (Watts 2001) , all of which interact to create a very challenging environment for fishes.
The Salton Sea recreational fishery consists of four major species, three of which were introduced species from the Sea of Cortez; orangemouth corvina (Cynoscion xanthulus Jordan and Gilbert), gulf croaker (Bairdiella icistius Jordan and Gilbert), and sargo (Anisotremus davidsoni Steindachner). The fourth species is a euryhaline hybrid of the Mozambique tilapia (Oreochromis mossambicus Peters) and the Wami River tilapia (O. urolepis hornorum (Trewavas)) that is also farmed in nearby freshwater aquaculture operations (Costa-Pierce and Doyle 1997). Hanson (1970) was the first to assemble salinity tolerance data for species currently found in the Salton Sea (Table 1) . While these values represented upper limits of salinity tolerance based on mortality, it was determined that the optimal salinity with respect to growth, food assimilation and respiration for these species ranged between 33-37 g/l (Brocksen and Cole 1972) . Orangemouth corvina, sargo, and gulf croaker are marine fish, and likely do not encounter large changes in the salinity of their environment. Brocksen and Cole (1972) hypothesized that these species may experience problems maintaining populations if salinity of the Salton Sea reached 40 g/l.
In contrast, euryhaline fishes are able to adjust osmoregulatory strategy based on the immediate environment in order to maintain internal homeostasis. O. mossambicus has proven to be one of the most euryhaline fish in the world, tolerating salinities from freshwater to as high as 120 g/l (Stickney 1986) , if the rate of salinity increase is sufficiently gradual. Popper and Lichatowich (1975) observed that this species would reproduce in salinities up to 49 g/l. For comparison, the upper salinity tolerance for the sail fin molly (Poecilia latipinna Lesueur), acclimated to freshwater, is 70 g/l, while the upper threshold for brackish-water adapted mollies is 80 g/l. Sheepshead minnows (Cyprinodon variegatus variegatus Lacepede) tolerate salinities as high as 120 g/l (Nordlie 1984) . Euryhaline fish are commonly found in variable environments such as estuaries or tide pools, and are able to tolerate rapid shifts in salinity; physiological mechanisms associated with euryhalinity may allow the tilapia hybrid to better tolerate the increasing salinity of the Salton Sea relative to other species.
Large mortality events of fish have been recorded during both summer (July-September) and winter (December-February) seasons (Costa-Pierce and Riedel 2000) . Summer mortality is thought to be associated with algal blooms, anoxia, high sulfide levels and high levels of parasite infection. In contrast, winter fish kills tend to be restricted to the tilapia hybrid (Hurlbert et al. 2007) , which is historically tropical; this may reflect its limitations with regard to cold water tolerance (Al Amoudi et al. 1996; Sardella et al. 2004a ).
The hybrid tilapia has been the dominant fish in the Salton Sea since the late 1970s (Hurlbert et al. 2007) . Minor genetic differences exist between it and pure Mozambique tilapia (Costa-Pierce and Doyle 1997), but they have similar salinity tolerances (Sardella et al. 2004b ). This hybrid tilapia provides an interesting model in that it may be using mechanisms of salinity tolerance typically suited for a salinity-variable environment to adapt to a hypersaline lake.
Salinity tolerance: Marine adapted and euryhaline mechanisms
Teleost fish maintain the total osmolality of the plasma at approximately one-third that of ocean water, and are faced with an osmoregulatory problem when inhabiting freshwater Freshwater-adapted fishes must deal with incredible gains of water; drinking rate is negligible, but they produce very dilute urine in large quantity. To offset ion losses, specialized cells on the branchial epithelium called chloride cells (Keys and Wilmer 1932) (also referred to as mitochondrial-rich cells, or less frequently, ionocytes) expend metabolic energy in the form of ATP to move Na + and Cl -across the gills against their respective gradients (see reviews : Perry 1997; Wilson and Laurent 2002; Evans et al. 2005) . In contrast, marine fishes drink water to offset osmotic loss, and imbibed Na + and Cl -are actively excreted by a distinctly different chloride cell sub-type (Marshall 2002; Evans et al. 2005) . Mechanisms employed by ion-excreting fishes are those most relevant to Salton Sea fishes.
Chloride cells are generally located on the afferent edge of gill filaments and in the interlamellar regions of the filament. These cells are characterized by abundant mitochondria associated with an extensive network of tubules which represents a continuation of the basolateral cell membrane and possesses high levels of Na + , K + -ATPase (NKA) and Ca 2+ -ATPase. The chloride cells possess more or less pronounced apical crypts (Laurent and Dunel 1980) . The role of chloride cells in acclimating to salinity has been well documented. Using the opercular epithelium to model the branchium, Foskett et al. (1981) found the number of chloride cells in tilapia gills was increased following three days of exposure to elevated salinity. Furthermore, chloride cell size was proportional to the rate of chloride secretion across the membrane (Foskett et al. 1981) .
Four stages of the chloride cell life cycle have been identified (Wendelaar Bonga et al. 1990 ) and include 1) large columnar mature cells, which have an ultrastructure that is typical of an actively functioning cell, 2) slim crescent-shaped accessory cells, which are less abundant in mitochondria and have a poorly developed tubular reticulum, 3) tear-shaped immature cells, a structural intermediate between mature and accessory cells, and 4) degenerating or apoptotic cells, which have a highly condensed cytoplasm, multi-lobular, heterochromatic nucleus, and a dilated tubular reticulum and mitochondria (Sardella et al. 2004b; Wendelaar Bonga and van der Meij 1989) . Kültz et al. (1992) suggested mature chloride cells are solely responsible for chloride secretion, thus the number of mature chloride cells, rather than total chloride cell density, is the better determinant of ion transporting capacity of an epithelium.
The chloride cell mechanism of ion excretion is still not fully understood; the most recent model was reviewed by Marshall (2002) . Ion excretion is driven by a basolateral membrane bound NKA. Because K + tends to rapidly diffuse back out of the cell, this enzyme essentially functions as a sodium pump, and in most teleost species, along with the apical secretion of Cl -, generates a trans-epithelial potential great enough to drive sodium across the epithelium through paracellular junctions between chloride cells and their accessory cells (Marshall 2002) . Chloride excretion is also sodium driven via a Na
-co-transporter (NKCC). Once chloride is in the cell, it diffuses down a concentration gradient to the outside environment via the cystic-fibrosis transmembrane conductance regulatory protein (CFTR) (Marshall 2002) .
Upon exposure to seawater, chloride cells in the filamental epithelium form multicellular complexes composed of mature cells and accessory cells sharing the same apical cavity. Cytoplasmic projections of accessory cells form interdigitations with the apexes of mature cells, forming shallow junctional links or "leaky" junctions to the external medium (Sardet et al. 1979; Laurent, Dunel 1980; Hwang 1987) . Hwang (1987) noted that chloride cells from seawater-acclimated fish possess cytoplasmic digitations at their apical regions, forming shallow junctional links to the external medium. These junctions facilitate the paracellular pathway by which Na + is extruded and usually develop between 12-24 h following exposure to 20 g/l in tilapia (Hwang 1987; Marshall 2002) . Sardella et al. (2004b) found that these apical interdigitations did not form over a five day time-course in tilapia exposed to salinities below 55 g/l, but were visible with transmission electron microscopy after five days of exposure to salinities ranging from 55 to 95 g/l. The formation of leaky paracellular junctions preceded several physiological changes including increased drinking rate, branchial NKA activity, and increased plasma ions and osmolality (Sardella et al. 2004b ; Fig. 1 ). The number of chloride cells upon transfer to a higher salinity, resulting in a density increase (Foskett et al. 1981; Kültz and Onken 1993; Zadunaiski et al. 1995) . Proliferations are most likely due to maturation of pre-existing immature or accessory cells (Foskett et al. 1981; Kültz and Jurss 1993) . Chloride cells also hypertrophy upon exposure to higher salinity, resulting in amplification of the basolateral membrane, which contains NKA that drives salt-secretion (Kültz and Jurss 1993; Kültz and Onken 1993) . The basolateral membrane surface area increases in conjunction with enzyme activity (Karnaky et al. 1976) . Furthermore, Foskett et al. (1981) suggested that chloride cell hypertrophy resulted from increased synthesis and subsequent incorporation of plasma membrane into the basolateral tubular system. They further suggested that the surface area of the basolateral membrane, along with its associated transport proteins, may have been rate limiting for chloride secretion. During acclimation to seawater the chloride cell of Mozambique tilapia developed greater basolateral membrane surface area relative to the Nile tilapia (O. niloticus Linnaeus), which may further contribute to the higher salinity tolerance observed in Mozambique tilapia (Cioni et al. 1991) . The Nile tilapia has a maximum salinity tolerance of approximately 43 g/l, roughly one-third that of Mozambique tilapia. Despite the large disparity in salinity tolerance between these species, gill chloride cell density does not differ significantly when both species are exposed to the same elevated salinities (Cioni et al. 1991) .
Chloride cells of both fresh water and seawater sub-types pre-exist in some euryhaline organisms, and the appropriate cell type is exposed to the external medium when ambient salinity is in flux. Van der Heijden et al. (1997) found that the percentage of chloride cell apical crypts exposed to the outside medium increased from 55 to 80% upon exposure to seawater. The reverse was seen with prolactin treatment, as prolactin is a well documented freshwater acclimation hormone (Borski et al. 2001; Agustsson et al. 2003; Riley et al. 2003) . Respiratory pavement cells have been shown to cover the chloride cell subtype that is not needed for the immediate environment, and this has been referred to as morphological oscillation. Daborn et al. (2001) observed morphological oscillations in vitro by altering the osmolality of the bathing solution on the serosal surface of the opercular membrane. Previous studies have demonstrated that the basolateral surface of the epithelium was sensitive to osmolality (Zadunaiski et al. 1995; Marshall et al. 2000) . The mechanism behind the response to high osmolality involves calcium, as oscillations respond to calcium in the medium, and are inhibited by calcium channel blockers (Sakamoto and Ando 2002) . Morphological oscillations are characteristic of many euryhaline fish, including California Mozambique tilapia exposed to 85 g/l salinity (Sardella et al. 2004b) , which supports our hypothesis that tilapia may be able to tolerate the Salton Sea using euryhaline mechanisms that marine fish may not possess.
Adapting to the Salton Sea: Mechanisms and strategies for coping with multiple stressors
We will now present two experiments with tilapia that deal, respectively, with the effect of living in environments with salinities lower or greater than that of ocean water and with the effect that temperature extremes have on ability to osmoregulate. in such an environment. We then discuss how confounding stressors affect Salton Sea fish.
Materials and methods

Experiment 1: Effect of salinity of growth
Tilapia from the Salton Sea (50-100 g) were captured and transported to San Diego State University where they were held in full strength natural ocean water at 28 °C. Males and females were housed together (a total of 10 fish per tank), and fed ad libitum. The F 1 progeny were collected and reared at 33 g/l until they reached one gram. Ten juvenile F 1 progeny were then transferred to 12 tanks, two at each of six salinities -5, 15, 25, 35, 45 and 55 g/l. Fish were again fed ad libitum and removed weekly for measurement of mass. The mean mass at nine weeks was plotted against salinity and analyzed by one way ANOVA using SigmaStat version 3.0.
Experiment 2: Effect of temperature on gill morphology
To investigate the effect of temperature on gill morphology, we exposed tilapia to 43 g/l salinity for 120 hrs at 15, 25, and 35 °C, with seven fish in one tank at each temperature. Gills were then removed and examined with a scanning electron microscope (for microscopy methods, see Sardella et al. 2004b ). 
Results
Experiment 1
Tilapia reared in 5 g/l water showed the highest rate of growth over the nine weeks, and those at 45 and 55 g/l the lowest (Fig. 2) . Final weights (mean ± SE) ranged from 9.70 ± 2.12 g at 5 g/l to 4.0 ± 0.42 g at 55 g/l, the decline with salinity being fairly linear.
Experiment 2
Two types of cells were readily visible on the filamental epithelial surface, pavement cells and chloride cells, which are indicated by apical crypts (Fig. 3 ). There were essentially no differences in appearance of the epithelia from tilapia at 25 and 35 °C. Large pavement cells had a polygonal apical surface bearing numerous long, and few short, microridge patterns. At 25 °C, the number of crypts between two neighboring lamellae and crypt area averaged (mean ± SE) 11.2 ± 0.8 and 1.68 ± 0.1 µm 2 , respectively, while at 35 °C these values were 11.7 ± 1.2 and 1.46 ± 0.1 µm 2 , respectively. The superficial pattern of the epithelium was dramatically different in fish acclimated to 15 °C. These exhibited enormous enlargement of the apical crypts (21.1 ± 3.5 µm 2 ), which were almost circular (Fig. 3c) . Furthermore, microridges of pavement cells were wider and had more complex patterns than at 25 and 35 °C.
Discussion
Hypersaline tolerance and the effect on growth and metabolism
Ocean water-acclimated California Mozambique tilapia have been shown to tolerate salinities as high as 95 g/l for up to five days, which is consistent with previously published data (Stickney 1986 ). In a short term exposure experiment, hybrid tilapia showed no mortality, nor did they exhibit any sign of osmoregulatory disturbance during exposure to salinities less than 65 g/l ( Fig. 1 ; Sardella et al. 2004b ). This has recently been observed over a 28 day time course as well (Sardella and Brauner, unpublished MSS) . It is important to note that this relationship was observed when temperature was constant at 25 °C, and that an increase or decrease in temperature has been shown to have a dramatic effect on salinity tolerance, as discussed below.
The formation of multicellular chloride complexes in the gill of ocean water-acclimated fish may also be crucial to high salinity tolerance. Cioni et al. (1991) noted that complexes exist to a lesser degree in the related, but less saline tolerant, Nile tilapia. Other fish species considered models of euryhalinity, such as killifish (Fundulus heteroclitus Linnaeus) also develop multicellular complexes in response to salinity challenge (Daborn et al. 2001) . Sardella et al. (2004b) found that multicellular complexes were present in the Salton Sea hybrid, but they did not form interdigitations at their apical regions at 35 or 45 g/l salinity, which is a typical seawater acclimation strategy that increases the perimeter of leaky tight junctions in the salt excreting epithelium (Marshall 2002) . Following the formation of these apical associations, other signs of osmoregulatory stress became evident, including increased NKA activity, plasma osmolality and ions, and increased chloride cell turnover rate ( Fig. 1 ; Sardella et al. 2004b) . Interestingly, the rate of chloride cell apoptosis in fish exposed to 55 g/l and higher, steadily and dramatically increased. This may be useful in developing a model of salinity tolerance in wild-caught Salton Sea tilapia where the number of apoptotic cells in the branchial epithelium is used as an indicator of osmoregulatory stress (Sardella et al. 2004b ).
It has been widely hypothesized that metabolic rate should increase as the osmotic gradient between the organism and the ambient environment increases (De Boeck et al. 2000; Iwama et al. 1997; McCormick et al. 1989; Morgan and Iwama 1999; Morgan et al. 1997; Perry 1998; Rao 1968 Rao 1968) . In these species, metabolic rate is reduced when fish are exposed to an isosmotic salinity, increasing at high and low extremes (Morgan and Iwama 1991) . Because maintenance of water and ion balance against concentration gradients is energetically expensive, an enhanced growth rate has been observed in fishes exposed to isosmotic conditions (Boeuf and Payan 2001) . In our tilapia growth study, we did not find the greatest level of growth at isoosmotic conditions, but with high variances and only two tanks per treatment, we cannot statistically distinguish between mass at 5 and 15 g/l after nine weeks. Our growth data do show however that growth after nine weeks was significantly reduced in 35, 45, and 55 g/l salinity relative to 5 g/l (Fig. 2b) . Increased environmental salinity may have resulted in redistribution of energy from growth and development to ion regulation, but this idea is in need of further exploration. Morgan et al. (1997) found that O 2 consumption rates after four days of exposure to 25 g/l salinity were significantly elevated in Mozambique tilapia relative to fish in isosmotic or fresh water. The peak in consumption coincided with increased Na + , K + -ATPase activity and growth hormone levels. It was hypothesized that 20% of metabolic energy was involved with osmoregulation in tilapia after 4 days of exposure. However, in studies with fresh water and ocean water-adapted cutthroat trout (O. clarki clarki Richardson) the energetic cost of NaCl transport was < 4% of the animals total energy budget (Morgan and Iwama 1999) . Morgan and Iwama (1991) summarized three strategies (all of which differed from that of tilapia) employed by euryhaline or anadromous species during exposure to increased salinity. The first of which was a proportional increase in metabolic rate with salinity, observed in juvenile rainbow trout and juvenile Chinook salmon (O. tshawytscha Walbaum). Second, as observed in sub-adult Chinook salmon and killifish, metabolic rate did not significantly change over a range of salinities. Lastly, as observed in a species of the genus Cyprinodon, metabolic rate was at a minimum in seawater, and increased at lower salinities (Morgan and Iwama 1991) . Farmer (1969) found no difference in the slopes of lines representing salinity and oxygen consumption in Nile tilapia. Results were similar when rainbow trout were used, (Rao 1968) and Milkfish (Chanos chanos Forskaal) in 55 g/l seawater consumed oxygen at rates indistinguishable from values measured in fish exposed to isosmotic water (Swanson 1998) . In the Eustis pupfish (Cyprinodon variegatus hubbsi Lacepede), ion regulation did not alter energetic costs when measured at the whole organism level (Jordan et al. 1993) . The effects of environmental salinity on metabolic rate appear to be both species and life-stage dependent. Metabolic rate was decreased after a two week acclimation to 75 and 95 g/l by 30% and 40%, respectively, relative to seawater in the California Mozambique tilapia (Sardella et al. 2004b) , although NKA activity was elevated. These data are con-sistent with the trend in growth rates in juvenile hybrids, indicating that the energy needed for growth and assimilation in this species may not be available when they are exposed to hypersaline conditions.
Temperature-salinity interaction
Large seasonal and daily fluctuations in temperature have been observed in the Salton Sea (Watts et al. 2001) . Temperature increases and decreases can have deleterious effects on osmoregulation by altering enzyme kinetics (Handeland et al. 2000) , varying phospholipid membrane composition (Johnston and Cheverie 1985) , and by altering metabolic rate, which can intensify the effects of the osmo-respiratory compromise (Barron et al. 1987; Hayton and Barron 1990 ). Gonzalez and McDonald (1994) suggested that the need to defend ion balance is what limits metabolic rate, as increased metabolic rate leads to increased gill perfusion and functional surface area, but enhances the potential for osmoregulatory disturbances.
Studies investigating the interaction of temperature and salinity are few, and even fewer are those that have investigated how salinities greater than ocean water confound this interaction. Staurnes et al. (2001) found that Atlantic salmon smolts (Salmo salar Linnaeus) acclimated to 8 °C experienced elevated plasma chloride when transferred to seawater at 5 or 14 °C, and even greater disturbances at 2 and 18 °C. The authors recommended that in aquaculture, smolts not be transferred to ocean water with a temperature difference greater than 4-6 °C. In three-spined sticklebacks acclimated to freshwater, Schaarschmidt et al. (1999) found a lower level of tissue taurine in fish acclimated to 4 versus 15 °C. Taurine is an intracellular organic osmolyte found in this species, and heavy mortality in sticklebacks exposed to 4 °C was attributed to osmoregulatory failure (Schaarschmidt et al. 1999) .
As a tropical fish, one disadvantage California Mozambique tilapia has relative to other Salton Sea fishes is the lack of ability to tolerate low temperatures (Al Amoudi et al. 1996) . The fish species transferred from the Sea of Cortez (corvina, croaker, sargo) have historically most likely experienced similar low temperatures as those recorded in the Salton Sea (e.g., 13 °C), but California Mozambique tilapia, although relatively eurythermal, experiences low temperature-induced osmoregulatory failure in both freshwater (Al Amoudi et al. 1996) and ocean water (Sardella et al. 2004a ) at 15 °C. Mozambique tilapia are susceptible to thermal shocks in both fresh and ocean water and osmoregulatory stress was experienced by tilapia when exposed to temperatures ranging from 9-12 °C (Al Amoudi et al. 1996) . In freshwater-acclimated tilapia, low temperature resulted in a sharp decrease in plasma osmolality, which was associated with disorientation, fungal infections, secondary chill coma and death, possibly due to renal failure (Al Amoudi et al. 1996) . In fish exposed to 27 g/l, plasma osmolality and ion concentrations rose sharply in Mozambique tilapia, as well as in Oreochromis aureus x O. niloticus hybrids, with Mozambique tilapia better able to recover after 72 h. Al Amoudi et al. (1996) showed that plasma osmolality increased similarly at 15 and 35 °C, but recovered to a greater extent at 35 °C. Fish exposed to 27 g/l at 15 °C had a 60% higher mortality rate relative to those in 35 °C (Al Amoudi et al. 1996) .
In California Mozambique tilapia, a change in ambient temperature greatly reduced osmoregulatory ability following a 24 h salinity challenge (Sardella et al. 2004a) . Plasma osmolality and ion concentrations were elevated at 35 °C relative to 25 °C controls when transferred from seawater (35 g/l) to 51 or 60 g/l (Sardella et al. 2004a) . We have shown that California Mozambique tilapia can recover from a 25 g/l salinity increase by 120 h if ambient temperature is 25 °C (Sardella et al. 2004b) . When this transfer was repeated at 15 °C, however, no tilapia survived for more than 3 h (Sardella et al. 2004a) , indicating the profound effect of temperature on the osmoregulatory ability of this species.
A reduction in temperature from 25 to 15 °C clearly has a dramatic effect on gill morphology (Fig. 3) , and presumably, gill function, where NKA activity at 15 °C is reduced by up to 90% (Sardella et al. 2004) . The dramatic changes in gill morphology and physiology associated with low temperature strongly implicate the temperature-salinity interaction as a cause of winter mortality in the Salton Sea; a phenomenon restricted to California Mozambique tilapia (Hurlbert et al. 2007 ). Relative to ocean water, the Salton Sea has nearly double the concentration of calcium, and triple the concentration of sulphate at 43 g/l salinity (Watts et al. 2001 ; see Table 2 ). There have been few studies on the effects of calcium and even fewer on the effects of sulphate on osmoregulation in fish. Wilson et al. (1996) has previously suggested a role for calcium in the gut of fishes: the intestinal absorption of water is aided by the precipitation of calcium with ions such as bicarbonate (HCO 3 -) in the gut lumen, which increases the osmotic gradient in favor of water movement across the epithelium. Presence of HCO 3 -in the rectal fluid is well documented, as many marine species have been shown to have HCO 3 -secretion mechanisms in the intestine. Wilson and Grosell (2003) showed, however, that the rate of secretion increases with high levels of ingested calcium in winter flounder (Platichthys flesus Walbaum). Secretion of HCO 3 -and subsequent precipitation with calcium ions not only aids in osmoregulation, but also prevents large influxes of calcium via the intestine, which would have some adverse effects on the kidney; calcium concentrations in the medium can be as high as 7 times normal values before any significant increases in plasma calcium are noted (Wilson and Grosell 2003) .
Ionic composition of the
In order to determine whether the relative elevation of Ca , and SO 4 2-in similar proportion to that of the Salton Sea). Under resting conditions at 25 °C, the ionic composition of the different water types did not appear to have an effect on plasma osmolality. A 10 °C reduction in temperature in each water type resulted in substantial osmoregulatory stress and mortality in Salton Sea water but no mortality, and only minor osmotic disturbances in the other water treatments. The large effects of a reduction in temperature on osmoregulation and survival in Salton Sea water could not be related specifically to the higher Ca 2+ and SO 4 -levels, as artificial Salton Sea water had similar levels. Thus, this effect must be related to other factors, which remain unknown.
Conclusions
We have reviewed some of the stresses that are faced by Salton Sea fishes, such as elevated salinity, temperature/salinity interactions, and elevated ambient calcium and sulphate. While it appears that tilapia hybrids can tolerate salinities up to 65 g/l at 25 °C with minimal effect on sub-lethal indicators of salinity stress, a reduction in temperature to 15 °C greatly reduces the salinity at which sub-lethal indicators and mortality occurred. Our work so far has indicated that the mechanisms of euryhalinity may provide an advantage to tilapia hybrids in dealing with the constantly increasing salinity of the Salton Sea. While we have primarily focused on the effects of these stresses in the California Mozambique tilapia, our hypothesis that euryhalinity enables tolerance to the Salton Sea cannot be fully supported without a detailed investigation of the marine fishes that also inhabit the sea. Atkinson & Bingman (1998) .
